Introduction
The research field pertaining to the provision of selective recognition ability to artificial materials is very exciting. Molecular imprinting (MI) techniques are very helpful for this purpose, and a large number of MI techniques have been developed in the last few decades. However, it is extremely difficult to obtain ideal selectivity because typically MI techniques have a few drawbacks: leakage of templates, heterogeneous binding sites, occlusive sites, etc. Here, we present a novel procedure for providing a material with efficient selective adsorption ability for water-soluble ionic compounds; we use a polymer-based medium prepared by on interval immobilization technique, which is based on the MI technique.
The use of conventional MI [1] [2] [3] [4] [5] techniques for providing a material with selective recognition for water-soluble ionic compounds is difficult, because in this technique the organic solvent is used as a porogenic solvent. Therefore, to overcome this difficulty, we used the interval immobilization technique in our previous studies. [6] [7] [8] However, this method could neither decrease the high selectivity of a material nor enhance the recognition capability of occlusive recognition sites, which are drawbacks of the MI technique. In this note, we present a novel technique based on the interval immobilization technique which provides a material with the ability of high selective recognition in the absence of occlusive sites. The concept underlying this new technique is shown in Fig. 1 . Ionic complexes containing pseudo-template molecules and functional monomers are attached to the pore surface of polymer particles, which are prepared in advance, and have a certain amount of non-reacted vinyl groups.
In this way, effective and non-occlusive recognition sites can be obtained by the interval immobilization of ionic groups.
In this study, we focused on the selective concentration of a paralytic shellfish poison, saxitoxin (STX, Fig. 2 ). [9] [10] [11] [12] All STX analogues (about 15 kinds) have two guanidine groups and the distance between the two groups is fixed. Moreover, among the several analysis methods that have been developed, 10,13-15 the postcolumn labeling method is one of the most frequently used ones. However, these methods are not suitable for the quantitative analyses of natural samples because of the presence of many contaminants in the samples and the presence of ghost peaks in the obtained chromatograms. Consequently, there is a necessity for a pretreatment procedure involving selective concentration.
Experimental

Reagents and chemicals
Ethylene glycol dimethacrylate (EDMA) was used as a crosslinking agent, and was obtained from Wako Chemicals (Osaka, Japan); it was distilled under vacuum for removing polymerization inhibitors. Decarbamoyl saxitoxin (dcSTX) was purchased from National Research Council Canada. The other reagents used in this study, such as a functional monomer, solvent for polymer preparation, solvent for the mobile phase, and a radical initiator were purchased from Wako Chemicals.
Preparation of polymer particles
Polymer-based media were prepared as follows: the base particles were prepared by a two-step swelling and polymerization method. 16, 17 Next, ionic complexes were attached to the surface of base polymers in a solution of MeCN/H2O at 70˚C for 24 h. Detailed information on the composition and procedures for the preparation of polymer media is provided in Supporting Information. In this study, two types of pseudotemplate molecules with different distances between their ionic groups ( Fig. 2) were synthesized. The structure of each template molecule was obtained by 1 H-NMR spectroscopy. These template molecules were used as ionic complexes along with a functional monomer (p-styrene sulfonic acid Uniformity recognition sites for water-soluble ionic compounds were constructed onto the pores of porous polymer particles. This concept is based on a modified interval immobilization technique, which was used for the selective recognition of paralytic shellfish poison, saxitoxins (STXs). The results of batch adsorption and solid-phase extraction for one of the STX analogues, a prepared polymer that had special sites for the recognition of STXs, showed that the analogue could selectively recognize and concentrate STXs. Selective recognition was facilitated by interval-immobilized functional groups. 
Evaluation of polymers
The polymer particles were packed into a stainless-steel column for liquid chromatographic evaluations; these evaluations were performed in order to examine the effect of imprinting on the template molecules, and to compare our preparation method against typical copolymerization methods. Additionally, in an effort to evaluate the selective recognition ability of the polymer for STXs, the polymer-based media were subjected to batch adsorption by using an authentic STX analogue (non-toxic) and a solid-phase extraction cartridge for STX from extracts of blue mussel, which contained a spiked STX analogue.
Results and Discussion
From the results of chromatographic evaluations, a procedure for obtaining recognition sites in the pores on the polymer surface was developed. The retention of ionic solutes was much less on the polymer prepared by the copolymerization method. Here, similar to the copolymerization method, the ionic complexes, including the template and functional monomer, were situated not only at the surface of pores but also in the cross-linked polymer network. Therefore, there were a lot of "dead sites" that could not help in the retention of ionic solutes. In contrast, in our proposed procedure, the ionic complexes could be situated only at the surface of pores on polymer particles because the ionic complexes reacted in a subsequent stage (Fig. 1) . All of the recognition sites obtained by performing the addition reactions on the pores were perfectly capable of retaining solutes. Thus, these results suggested that the proposed procedure is more effective in constructing nonocclusive recognition sites. Additionally, we also investigated the effects of imprinting on each template molecule. Chromatographic evaluations showed the effects of imprinting that resulted from the interval immobilization of functional monomers. For example, TBTA was the most selectively retained solute on TBTA-P, which was prepared with TBTA as the template. The retention factor of each polymer k¢ for retaining several ammonium solutes is shown in Table 1 . This parameter is defined as k¢ = V(retention volume of solute) -V(void volume)/V(void volume). Table 1 indicates that TBTA or BTAB was selectively retained on TBTA-P or BTAB-P, respectively. In contrast, the retention ability of both TBTA-P and BTAB-P for the functional solute BTBA was almost identical. Although the potential adsorption ability of each polymer could not be evaluated in this analysis because a salted solution was used as the mobile phase (the solutes could not be eluted without a salted solution), selective retentions were clearly observed on the polymers that were prepared by the interval immobilization technique. The obtained results indicated that functional groups (SO3 -) could be immobilized at a certain interval in each polymer.
In order to investigate the effect of the interval immobilization technique on the selective recognition of STXs, we subjected the prepared polymers (BLANK, TBTA-P, BTAB-P) to batch adsorption using commercially available non-toxic decarbamoyl STX (dcSTX). A certain amount of each polymer was dispersed in a dcSTX solution (62 mM in MeOH/H2O = 7/3) taken in a vial tube, and the tubes were stirred for 24 h at room temperature. Then, after centrifugation, the supernatants were analyzed for the determination of the free concentration of dcSTX by using liquid chromatography-mass spectrometry (LC-MS). The adsorption ratios of each polymer are shown in Fig. 3 . Clearly, the ratios of the polymers prepared with the template were much higher than those of the BLANK polymer. In general, molecularly imprinted polymers (MIPs) have high adsorption affinity for solutes because the accessibility between functional groups is more in MIPs as compared to in non-MIPs. In other words, MIPs have larger capacitive recognition sites, owing to the template molecules, as compared to non-MIPs. 18, 19 In our study, similar results were observed for the template molecules. Additionally, the adsorption on TBTA-P was higher than that on BTAB-P. This suggested that the interval immobilization effect was effective for the recognition of dcSTX, because the distance between the ionic groups (alkyl ammonium) on TBTA was closer to that on STX (interval of guanidine groups), as shown in Fig. 2 . Interestingly, the ionexchange capacity of each polymer was almost similar to that of the others, as shown in Fig. 3 . Taking into consideration observations of the adsorption ratios and ion-exchange capacities, it is inferred that the interval immobilization technique was effective in providing the polymer with selective recognition ability for the target compounds (STXs).
Finally, we tried to use the prepared polymers for the solidphase extraction (SPE) of STXs from mussel extracts. The mussel extract was spiked with authentic dcSTX so as to give an extract with a concentration of 1.5 mM. The extract containing dcSTX was passed through each SPE cartridge packed with BLANK or TBTA-P, and the fractions that passed through were analyzed by LC-MS to determine the amount of dcSTX. Figure 4 shows mass chromatograms of the non-treated sample and the fractions on the BLANK and TBTA-P. It can be observed that the peak of dcSTX (rt: 26.0 min) completely disappeared for the TBTA-P fraction, whereas the removal ratio of the BLANK was less than 10%. This result clearly indicated that TBTA-P achieved the effective concentration of dcSTX by the selective recognition effect. Moreover, all of the adsorbed dcSTX could be collected with a 1.0 M aqueous ammonium carbonate solution. After reconditioning, the polymer-packed cartridge showed good reusability, and its performance remained unchanged. Consequently, it is assumed that TBTA-P can be used as an adsorption medium for the purification and concentration of STX analogues.
In this note, we have reported a novel procedure for the preparation of adsorption media that have the ability to selectively recognize water-soluble ionic compounds. As mentioned above, the procedure was effective for the selective adsorption of STXs on polymers. We expect the novel procedure to be actively used in the selective separation and/or the concentration of water-soluble compounds, such as natural toxins, biomolecules, and physiologically active substances. 
Supporting Information
Procedures for polymer preparation and solid-phase extraction, protocol for the determination of ion-exchange capacity, and LC-MS conditions for the determination of the amount of dcSTX. This material is available free of charge on the Web at http://www.jsac.or.jp/analsci/.
